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SUMMARY 
The purpose of this study was the theoretical analysis and de-
sign of a rotating cylinder head valve arrangement which can be adjusted 
up or down in an engine cylinder so as to provide both the proper "breath-
ing" facilities and a variable compression ratio. 
The theoretical investigation of variable compression was con-
ducted utilizing the computed combustion charts of Hershey, Eberhardt 
and Hottel. Otto engine cycles were calculated for compression ratios 
of 6 lA, 7, 9 3/4-> and 15:1 over a range of mixture inlet pressures 
from 4. to 14,7 pounds per square inch absolute. Appropriate curves were 
drawn and a correlation made between existing engines and the computed 
cycles. The Cadillac "Eldorado" engine was selected as a standard for 
comparison and efficiency increases in the order of 13 per cent were 
predicted possible over most of the operating range while employing a 
15:1 compression ratio. Evidence indicated that cheaper fuels might also 
be used and low speed torque improved by over 10 per cent if the appro-
priate compression ratios were available to the "Eldorado" when needed. 
Reductions in operating costs of over 30 per cent were predicted possible 
for the variable compression Cadillac engine over the range investigated. 
Eased on a review of the past work of various experimenters, the 
rotary valve mechanism offers a number of inherent advantages over the 
conventional poppet valve system — most notably, improvements in terras 
of "mechanical octanes" and "breathing" characteristics. Rotary valves 
ix 
and variable compression appear compatible, and a valve system was devised 
which makes this combination possible. The problems of mechanisms, dimen-
sions, sealing, lubrication, materials, balance and vibration are treated 
in this design as applied to a single cylinder 27.8 cubic inch displace-
ment laboratory-type test engine. 
Although conclusive results are not available from actual tests 
of the engine, some difficulties are anticipated, particularly with re-
gard to lubrication and port sealing, and a suggested guide for develop-
ment is provided. 
It is felt that the rotary valve, variable compression engine 
offers great potentiality in providing all purpose performance including 
good low speed torque, reduced noise and vibration, exceptionally high 
power, improved thermal efficiencies, and reduced fuel costs. There must 
certainly be justification for research on this type of engine. 
CHAPTER I 
INTRODUCTION 
Current trends In the development of internal combustion engines 
have centered about increasing their power and efficiency. Increases in 
compression ratio, reductions in friction and improvements in "breathing" 
have characterized the bulk of progress to date. 
The purpose of this study was the theoretical analysis and design 
of a rotating cylinder head valve arrangement which can be adjusted up 
or down in an engine cylinder so as to provide both the proper "breath-
ing" facilities and a variable compression ratio. To verify the design 
which grows out of the analysis will necessitate experimental testing of 
an actual engine using the valve as designed. Such testing will un-
doubtedly point to additional problems to be solved, particularly of a 
mechanical nature.* Since the engine is for developmental purposes, 
f fabrication simplifications and arrangements for ready access are stressed. The "rotary valve" engine is almost as old as Nlkolaus Otto's 
Invention of 1376 which was formulated on the theory originated by Beau 
de Rochas in 1862 (l).%* F. W. Crossley experimented with rotary valves 
during the years between 1336 and the turn of the century; however, 
*Recommendations for future development of the engine valve design, 
along with suggestions of possible problems to overcome, are treated 
briefly in Appendix A. 
""'Numbers in parentheses identify references listed In Bibliography, 
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by 1902, the contemporary poppet-valve engine had established such a re-
cord of reliability that the more cumbersome "sliding type" valve was 
almost completely rejected (2). Since that time, experimental work has 
progressed slowly, following favorable developments in materials and 
fabrication techniques. Among the outstanding pioneers in the field were 
C. W. Padget, Dugald Clerk, Burt McColluin, and C. V. Knight (3). Since 
World War I, very creditable work has been done by R. C. Gross (4.) and 
F. M. Aspin (5). There were many others also working on this engine (6). 
At least one German engineer is known to be experimenting with ceramic 
rotors at present (7), and M. A. Zimmerman of Cleveland, Ohio is contin-
uing the work of R. C. Cross on a horizontal rotary valve (8). 
Although the theory of variable compression engines has long 
been known, as compared to the rotary valve engine a less significant 
amount of work has been done on the former, and no satisfactory unit is 
known to exist which utilizes the maximum potentialities of variable com-
pression. The majority of the systems have employed mechanical linkages 
which were bulky and inadequate to meet constantly changing demands such 
as might be required of a typical automotive engine (9,10,11,12,13,14-). 
In the work which follows, an attempt is made to combine the 
favorable features of two principles — varying compression and rotary 
valving — into a single highly flexible, powerful and economical power 
plant. 
CHAPTER II 
THEORETICAL AND PRACTICAL INVESTIGATION 
OF PROPOSED ENGINE 
Variable Compression.—A series of theoretical engine cycles is presented 
in support of incorporating variable compression in the proposed engine 
design. The cycles ere computed for one pound of air reacting with a 
stipulated amount of fuel to give the usual combustion products. The 
chemical dissociation of the combustion products under high temperatures 
has been taken into consideration as suggested in the works of Hershey, 
Eberhardt, and Hottel (15). 
A considerable amount of experimental work has been done In an 
effort to account for variations between actual operating engine cycles 
and those computed by the methods of Professor Hottel and co-workers (16, 
17, 18). V/ithrow and Cornelius of the Research Laboratories Division, 
General Motors Corporation, have conducted a noteworthy analysis in which 
calculations indicate an average error of some nineteen per cent in the 
chart cycles (19); however, operating conditions were by no means typical 
in their laboratory equipment. An L-head engine was employed at an oper-
ating speed of 900 rpm. Compression ratios were 4-.8:1 and 4-°95:l. 
Sample curves for computed values of indicated mean effective 
cylinder pressure (IMEP), thermal efficiency, volumetric efficiency, and 
maximum cylinder pressure (P3) are plotted against variations in intake 
(manifold) pressure (P'l) in Figures 2, 3, and J+, Compression ratios 
4 
are arbitrarily taken as 6 lA:l, 7:1, 9 3A?1, and 15:1.* The princi-
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Figure 1. Assumed Combustion Cycle. 
This type of computation in conventional procedure in actual 
laboratory engine analysis (20)' however, variations due to gas friction 
in the ports and combustion chamber, heat transfer between the engine 
and mixture, and time delays in combustion are neglected, in the 
* 'efer to Appendix A, Tables 3, U, 5 and 6.. 
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computations. The rich mixture was used throughout in order to obtain 
better correlations with available full power ratings of the Cadillac 
engine indicated in Figure 5. Available information and data, indicate 
relatively good breathing characteristics, and the design shows rela-
tively compact combustion chambers in all engines under study;* hence, 
errors in the predicted values will tend to be minimized and the speci-
fied combustion charts should provide a satisfactory guide to comparison 
of the various engines, 
A tabulation of operating characteristics for current model 
automobile, aircraft, and test engines is shown in Appendix A, Tables 
7(a) and 7(b). Only overhead valve engines are included, since compari-
son of data from engines employing other valve arrangements has conclu-
sively established that the majority of higher performance units is in 
this category (21, 22, 23, 24, 25, 26, 27). 
Study of Table 7(a) indicates the current trend of automotive 
do signs toward higher compression ratios in their effort for more economy 
and higher power. In order to more clearly understand the feasibility 
of these changes in the light of a complete absence of recent major fuel 
improvements, attention must be called to the large angles of valve over-
lap and the high engine speeds at which maximum torque is developed. The 
late closing of the inlet valve allows part of the charge to be expelled 
before compression at low speeds; thereby helping protect the engine 
*A pendix A, . ble 8 indicates volumetric efficiencies up to 
seventy-eight per cent for the Cadillac "Eldorado". 
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from detonation due to excessive pressures from the firing of large 
charges of mixture. As speed is increased, volumetric efficiency im-
proves correspondingly, and since higher engine speeds reduce engine 
"knock" tendencies (28), '..he greater charges can be used effectively by 
the engine. An excellent example of large valve overlap may be found in 
the 1956 Cadillac "Eldorado" engine. If a mechanical efficiency (*/£) of 
90.7 per cent is assumed based on Callender's formula: 7j s 0.98(1- ̂fp) 
("where "D" is cylinder diameter in inches) (29), it is possible to calcu-
late the brake mean effective pressure (BI-1EP) and tnence the predicted 
indicated mean effective pressure (IMEP).* From this tabulation it is 
noted that a maximum indicated mean effective pressure of 182 psi is 
obtained at 3200 rprn and. 9.75:1 compression ratio. From Figure 3, an 
intake pressure (P]_) of 12.2 psia corresponds to this indicated mean 
effective pressure and from Figure l¥9 the volumetric efficiency should 
reach 78 per cent. 
From the assumption that pressure drop across the inlet valve at 
closing should approach zero for low engine speeds? it should be seen 
by the simple geometry of the system that a valve closing 105° after 
bottom center can capture a maximum of Zr3.5 per cent of the total dis-
placed volume when heat transfer to the mixture is aero. A volumetric 
efficiency of A3.5 per cent corresponds to 97 psi ind. mean effective 
pressure. This obvious dissimilarity of vclues verifies the observation 
*Refer to Appendix A, Table 8 for tabulation of computations 
pertinent to the Cadillac engine. See Figure 5 for Cadillac test 
curves. 
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regarding increasing vclumetric efficiency with speed (up to a maximum 
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44 
Figure 5* Performance Curves For 1956 Cadillac "Eldorado" (30) 
Laboratory test data, corrected to S. A. E. Test Code. 
Temperature air: 60**Fj Atmospheric pressure: 29.92 In. Hg, 
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The curves for compression ratio 6 1/4:1 were computed so that 
comparison could be made with actual tests made on a 194" model Chevrolet 
six-cylinder, overhead valve automobile engine in stalled in the Mechani-
cal engineering labor; tory at the Georgia Institute of Technology.* 
The following similarity of data is observed, based on the match-
ing of indicated mean effective pressures between actual data. Table 8 
and calculated curves. Figures 2 and 3% 
1. When the estimated indicated mean effective pressure is 103 psi, 
the corresponding intake pressure of 9 psia (Figure 3) predicts a 
thermal efficienc2/ of 30.7 per cent. The measured thermal efficiency 
was 11.4 per cent less, or 27.2 per cent* 
2. When the estimated indicated mean effective pressure is 79 psi, 
the corresponding intake pressure of 7.5 psia predicts a thermal 
efficiency of 29.7 per cent. The measured thermal efficiency was 
Q.tf per cent less, or 26.8 per cent. 
Although the test data are only approximate, satisfactory corre-
lation with computational values was observed, and this helps substantiate 
the use of computed prediction information. Since the air-fuel ratios 
were not simile,:: and instrumentation was rather crude, no effort was made 
to obtain a direct comparison of volumetric efficiencies; however9 addition-
al work should indicate a similarity. 
A prediction of anticipated improvements may be useful for coait>ari-
son purposes if obtained for the usual operating range of a sample auto-
mobile. The Cadillac "Eldorado" was clocked at 113 miles r->er hour at the 
195'• Daytona Beach speed trials (31). If the total drag on the 
-Vf-r to Appendix A, Tabic] 9 for test data token from l%8 model 
Chevrolet engine. Computed prediction information is tabulated in Appen-
dix A, Tab"!es 3? A, 5% 6 and 8, also curves plotted in Figures 2, 3» and 4. 
automobile is assumed to be composed of a constant rolling resistance 
and a wind resistance which is proportional to the square of speed, an 
approximation of power required to propel the automobile may be ob-
tained (32): 
Engine Power= 
(Rolling friction constant) x Speed +- (Wind Constant) x (Speed)^ 
If it is assumed that rolling resistance is 25 pounds per 1000 pounds of 
automobile (the Cadillac weighs 4.4.30 pounds) (33) and if the engine was 
developing maximum rated power at maximum speed, the constants of the 
power equation may be solved to obtain the relation: 
Horsepower = 0.296 (Speed, m.p.h.) + 0.0001% (Speed, m.p.h.)3 
The relatively low power requirements are noted at moderated speeds from 
the following tabulation: 
Car Speed Required Power 
-40 m.p.h 24.2 horsepower 
50 m.p.h. „. 39.1 horsepower 
60 m.p.h. 59.3 horsepower 
71.5 m.p.h. ...................... 92,0 horsepower 
113 m.p.h. .... ....• 305. horsepower 
The speed-power relation seems reasonable if it is noted that a 92 
horsepower Chevrolet engine should drive the Cadillac at a feasible 
71.5 miles per hour (3/+). 
In order to draw conclusions from the data of the Cadillac 
engine Dvor the operating speed and power range, a limiting parameter 
must be established, The reference engine used 96 octane fuel with 
a comprerjrion ratio of 9#75:1 (35). Laboratory tests indicate that 
the highest useful compression ratio for this fuel is approximately 
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7.25:1 (36, 37). The unsupercharged aircraft engine specifications, 
Table 7(b), tend to verify this; however, the indicated limit seems 
confined to relatively low speed engines (3o, 39, 4-0)• Increased engine 
speeds, high turbulence and compact chamber design, and improved cooling 
of usual "hot spots" in the chamber tend to control detonation In current 
automobile engines (4.1). Present designs carry compression ratios as 
high as 10:1 with engine speeds averaging around 3000 rpm for maximum 
torque. Since no definite parameters are available, it will be assumed 
for this study that the Cadillac "Eldorado" engine is operating at the 
maximum allowable temperatures and pressures for all engine speeds up to 
its peak torque. This engine was chosen since an examination of Table 
7(a) indicates that it reaches the maximum brake mean effective pressure 
of all current model stock automobiles listed (165 psi at 3200 rpm). 
From the work of Taylor, Leary, and Diver (4.2), it is found that 
maximum temperature and maximum pressure are the limiting factors for 
detona.tion at a given set of operating conditions. AXthough their test 
data cannot be applied directly to the computed data due to differences 
between test end actual operating conditions, one may apply similar 
principles to the evaluation o:r' other examples. A study of the 
computational data t.nrl curves reveals that, bhe gre; to;.!, deviation in 
• aximun 'jenpera.ture for a given mean effective pressure is 2.6 per 
cent over the range of conditions investigated here. It is noted that 
equivalent indicated mean effective pressures occur at proportii.nL.tely 
lower manifold pressures as compression ratios are increased; hence the 
effect of increased maximum temperatures with higher compressions is 
13 
minimized. The case is similar with maximum pressures (P3); however, in 
this instance the variation is from 30 to 50 per cent. Based on these 
observations, maximum pressure will be considered the governing detonation 
factor, and temperature differences will be neglected. 
Since it is assumed that the Cadillac maximum pressures form the 
limiting case, a table of comparisons may be drawn from the approximate 
powers assumed for operating speeds .;here the engine is geared to pro-
vide maximum power at maximum speed, road slippage being neglected. 
Table 1. Comparison of Mean Effective Pressures 
and Thermal Efficiencies at Random Points Over 
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It can be seen from Figure L, that the maximum pressure (P3) for 
a ratio of 6.25:1 does not reach the maximum allowable magnitude for the 
specified fuel at any computed manifold pressure, and it is therefore 
conceivable that such an engine is limited only by its "breathing" ability 
where the maximum conceivable indicated mean effective pressure is 197.7 
psi for ideal valve timing and frictionless gas flow where intake pressure 
(Pi) would necessarily be atmospheric 14.7 psia. Observe that the actual 
power requirements and speeds involved are not at all critical in the 
calculation of Table 1 since the percent increases in thermal efficiencies 
for increasing compression ratios are fairly consistent over the entire 
lower power ranges considered in this investigation. It is concluded 
that an increase in compression to a ratio of 15:1 In the Cadillac engine 
would be entirely feasible for all constant driving loads In the usual 
operating range of moderate speeds and accelerations (note the maximum 
mean effective pressures allowable relative to those pressures actually 
used at steady car speeds). It is only for high speeds and accelera-
tions that allowable pressures are exceeded with the 15:1 ratio. An 
interesting feature is found when a volumetric efficiency of 85 per cent 
is assumed for an engine with 6.25:1 compression ratio. The maximum at-
tainable indicated mean effective pressure from Figure 3 is 172 psi. At 
30 miles per hour, this would allow an increase in maximum available 
power of over 10 per cent. At the optimum compression ratio for maximum 
mean effective pressures, this value should be substantially increased, 
At this point it is appropriate to introduce the concept of a 
Variable compression c-ngino. The "Eldorado" engine which appears to 
represent the best in current automobile designs has been chosen as a 
standard, and increases in efficiencies of over 13 per cent have been 
predicted over its normal operating range where a maximum compression 
ratio of 15:1 has been arbitrarily selected from practical considerations 
as will be shown in Chapter III. At no time was the maximum allowable 
pressure reached within a moderate operating range of less than 70 miles 
per hour. This indicates that the specified engine is either uneconomi-
cal ly large, or alternatively, that the 96 octane fuel provided is a 
good deal more than adequate for normal use. If the 96 octane fuel is 
replaced by a cheaper fuel of low octane rating and a variable compress-
ion ration engine, performance may conceivably be improved over the entire 
range, if better volumetric efficiencies are available to utilize the 
increased latitude in limiting combustion pressures. More conservative 
valve timing may be used to improve low speed volumetric efficiencies. 
Although the efficiency of the Cadillac "Eldorado" engine can only be 
improved approximately 13 per cent based on the use of premium gaso-
lines such as Amoco or Sinclair which are currently selling for 34--5 
cents per gallon in the Atlanta area, cheaper operation may be expected 
from low-priced fuels. Typical of cheaper fuels being consumed in 
lower performance engines are Hood's and People's regular gasoline 
selling for 28.0 cents per gallon and less. The energy contents of the 
fuels will be. essentially the same (4.3); therefore a substitution of the 
cheaper products may reduce fuel costs by 10 ;̂er cent, assuming carbu-
ret ion Is unimpaired. The overall decrease In operating costs should 
be estimated by the total of the efficiency improvement (13 per cent) 
16 
from increased compression ratios and the cost decrease in necessary 
fuels (19 per cent). The potential saving of over 30 per cent in the 
nornal operating ranges with possible power gains available for higher 
loads justifies the investigation of a variable compression ratio engine 
design (44, 45). 
Rotary Valving.—The overall desirability of a rotating valve cannot be 
satisfactorily analyzed by a purely mathematical approach; however, 
supporting evidence is presented in its behalf. The chief advantages 
claimed for the rotary valve, outlined by M. C. I. Hunter, are as 
follows (46): 
1. "Rotary valves do not require periodic adjustment, and the 
opening and closing of the ports is positive at all speeds with-
out maintenance." 
2. "Their action is, or can be, noiseless, with no limit to 
speed. The modern poppet valve is remarkably silent but gained 
only with some sacrifices of power." 
3. "The valves require no attention in the way of regrinding 
and cannot readily be thrown out of tune by misuse." 
4. Use of rotary valves facilitates more compact combustion 
chambers with centrally located spark plugs; hence detonation 
tendencies are improved, necessary spark advances reduced, and 
indicated efficiencies increased (47). 
5?: Thermal stresses in the cylinder head may be reduced due to 
more uniform heating (4<3), 
6. "Perfect balance of rotors is possible in most designs...so 
far as the valve gear is concerned the speed is almost unlimited." 
7. Valve spring breakages arc absent, and there is no tappet 
vibration. 
8. No exhaust valvo heads are exposed to form hot spots in the 
combustion chamber (l,n). 
9. Superior breathing characteristics may be gained by stream-
lined ports (50). 
10. 'Turbulence may be increased, especially at low engine speeds 
due to valve action with changing tangential flow of the incoming 
charge; hence detonation is minimized (51). 
11. The elimination of stagnant areas within the combustion chamber 
reduces difficulties with carbonization. 
12. Very low rates of wear may be possible. (Of course this is 
contingent on good lubrication.) 
13. The number of operating parts may be fewer than with the poppet 
valve. 
14-. "The compression ratio can be increased and fuel of low octane 
value used." (52) 
15. The specific fuel consumption for rotary valve engines should 
be less than that for corresponding poppet valve arrangements (53). 
In addition to these claims, the proposed design will completely shield 
the electrodes of the .spark -plug except for a short time interval during 
which actual firing occurs (54).* 
There is much evidence in the literature to support these claims 
of rotary valve superiority, as the bibliographic references indicate; 
however, it is necessary to also recognize the inherent faults in the 
principle. The principal disadvantages of the rotary valve are dis-
cussed by M, C. I. Hunter (55), and the following guide is established 
toward the design of an acceptable system: 
1. haintenance o;? close operating clearances around the valve body 
under all loads to minimize gas leakage and excessive compression 
losses (particularly at low speeds, high powers, or both)(56). 
*Hot plug electrodes have been established as a definite factor 
in engine detonation(54)• 
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2. Assured lubrication of "working faces of hot rotors so as to 
avoid undue oil consumption and seizure over the full range of 
operating conditions. (Excess oil consumption is both expensive 
and likely to cause fouled spark plugs.) 
3. Proper mating and area reduction of rubbing surfaces in order 
to avoid excessive friction losses (57). 
4.. A careful evaluation of available fabrication techniques and 
material requirements in order to control production costs (53). 
These weaknesses are also well defined in the literature which 
deals with the developmental stages of the sliding surface valve. 
Many engines using the sliding valve principle have been built 
and tested. A few of the more notable successful models are mentioned 
and offered here in evidence of the potentialities existing in the 
rotary valve design. 
R„ G. Gross has built and tested a number of horizontally rota-
ting valve engines (59, 60). His work, commencing in 1922, has been so 
significant that the general typo of engine with which he experimented 
has retained his name. Host of the work of Cross involved small single 
cylinder motorcycle engines of approximately 15 to 21 cubic inches piston 
displacement. The engines which he finally built were reportedly smooth 
runningj reluctant to detonate, anr' capable of brake mean effective 
pressures as high as 154 psi at 5700 rpn, One such engine developed 
1,16 horsepower per cubic inch at 6100 rpn using gasoline of 66 octane, 
yet low speed torque was good (61). 
Although there is evidence that his performance claims are 
excessive, a recent experimenter, Merrit Zimmerman, has made praise-
worthy progress in utilising the experience of Gross (62). Zimmerman 
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has built a two-cylinder motorcycle engine of approximately 15 cubic 
inches displacement employing modern high strength materials. His tests 
indicate good reliability and smooth operation using 35 to 90 octane 
fuels in the 12:1 compression engine. The 230 psi brake mean effective 
pressure which he claims for engine speeds above 6000 rpm is not feasible; 
however, since it can be predicted from Figure 3 that this value would 
call for a supercharged engine. Zimmerman claims the engine will operate 
at a full throttle 12,000 rpm producing 3 horsepower per cubic inch 
displacement for approximately four minutes before excessive temperatures 
cause damage. 
A second fundamental type of valve is associated with the name 
of its prime developer, F. M. Aspin (63, 64, 65, 66). This engine employs 
a valve that rotates at one-half engine speed about a vertical axis which 
is usually the generating axis of its respective cylinder. A diagram 
of this type of engine is presented in Figure 6, accompanied by a tabu-
lation of principal parts. The engine made its appearance in British 
journals during 1937. It has operated reliably at a 14:1 compression 
ratio during full power runs at 14,000 rpm for many hours with no appa-
rent difficulties„ The performance shows a maximum brake mean effective 
pressure of lo0 psi. Che oil consumption was reported comparable to that 
of other engines at full load. This type of engine was produced 
commercially ::u Britain in the form of a small tractor engine. The fuel 
consumption at full load is an exceptionally good 0.43 pounds per horse-
power hour. 
The concluding example is presented in defense of sliding type 
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Essential Parts of Assembly: 
B. Radial thrust bearing for drive gear loads. 
C. Rotating "cell" type combustion chamber. 
D. Drive shaft geared to engine crank shaft. 
Gl> ^2* Spur drive gears for valve control. 
H. îead and cylinder retaining studs. 
L. Fixed valve liner provided with bearing surface for 
valve contact. 
0. Port orifice. (Alternately inlet, spark, and exhaust.) 
P. Fiston. 
R. Rot02"' body of valve. 
S. Rotor shaft. 
.gure 6. Typical Aspin-Type Rotating Cylinder Head Valve. 
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valves. The Bristol "Hercules" and "Centaurus" and the Napier "Sabre" 
aircraft engines are presently in operational use of the Royal Air Force. 
They are undoubtedly the quietest aircraft engines yet witnessed by 
this observer. These engines employ reciprocating and oscillating valve 
sleeves and attain excellent performance, notably in respect to oil 
consumption.* 
*In Appendix A, Table 7(b), the Bristol "Hercules" and "Centaurus" 
engines are specified to consume 0.00S pounds of lubricant per horse-
power-hour. This is less oil consumption than that of any of the seventeen 
other engines listed. 
CHAPTER III 
VALVE DESIGN 
Proposed Design.-—As indicated in Figure 7, the proposed design will 
incorporate an extension of the usual cylinder above the top end of the 
piston travel. Inside this extension a finely machined metal plug is 
fitted and geared to rotate at one-half engine speed. A combustion 
"cell" is machined into the rotor, and its lower surface is contoured 
to match the convex face of a dome type piston.* The rotor may be 
moved axially for a short distance within the cylinder under action of 
hydraulic pressure. A constant sup-ply of oil pressure at 0e? Figure 7? 
acts against the lower surface of the gear (G2) shoulder providing a 
steady lifting force on the rotor. From the same source, (0e), oil is 
emitted to the upper surface of the rotor body through the reed valve 
(R). The oil (O2) carries the entire thrust load from the compression 
and firing strokes of the engine. The exact vertical position of the 
rotor is regulated by metering the discharge rate of the oil (O2) which 
Is expelled through the duct via the metering annulus into the gear box 
at Oo. It should be observed that while oil (0^) flows into the system 
at a steady rate, its discharge (O3) may be controlled in the metering 
annulus. If the controller Is moved upward (Figure 8), the restriction 












Proposed Valve and Mechanism 
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at the metering annulus is reduced and oil from the thrust bearing 
(Og, Figure 7) is expelled through the duct under the force of pressure 
(0e) lifting the rotor. As the rotor is displaced upward the total 
volume of the combustion space is increased and the compression ratio 
therefore lowered. 
^ Thrust Chamber 
Figure 8. Controller Mechanism in Relief Position. 
(Raising rotor reduces Rc) 
Similarly, if the controller is moved downward, the metering annulus will 
be constricted and. oil flowing into the thrust chamber (O2, Figure 7) 
will force the rotor downward, thus raising the compression ratio of the 
engine. The oil (0]_) flowing into the system is provided by positive 
displacement gear pump and hence must circulate constantly. Note that 
the reed valve (R , Figure 7) acts to provide a pressure differential 
between the large and small thrust chambers. This valve facilitates the 
use of a single oil supply source since the oil pressure in the small 
chamber (0e) must be sufficient at all times to raise the rotor when a 
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reduction in compression is desired and to support the rotor against 
the force of gravity between compression and firing intervals. A third 
desirable feature of the smaller thrust chamber is the positive pressure 
which it affords to the oil at all times. This pressure head guards 
against possible vapor locks within the system, particularly when the 
unit is idle. 
Engine Lower Unit and Auxiliaries.—For purposes of simplicity in data, 
analysis and machine operations, it is desirable to employ a single 
cylinder engine for developmental purposes. A British built Velocette 
motorcycle engine, model MSS, motor number 6351, was chosen in this 
particular instance from personal experience of its durability. This 
engine is especially desirable since it has an extremely rugged lower 
end (67). Noteworthy are the short rigid crank, forged steel connecting 
rod and roller bearing suspension and crank throw (Figure 9). The orig-
inal dimensions of the Velocette were 81 mm (3 3/l6 in.) bore and 96 mm 
(3.78 in.) stroke for a displacement of 495cc (cubic centimeters) or 
30.25 cubic inches. In order to partially compensate for increased com-
pressions, a smaller 3 l/l6 in. aluminum alloy piston was selected from 
a standard Ford automobile for initial tests at lower compression ratios 
and engine speeds under 4-000 rpm. The displacement will then be 27.8 
cubic inches. The Velocette engine is equipped with a Bosch type 
K.C.I - N4. magneto for positive ignition. The parts required to adapt 
the Velocette to a test engine include: 
1. Cylinder piston assembly 
2. Valving apparatus 
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Figure 9. 
Velocette MSS Crankcase and Crankshaft Assembly 
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3. Variable compression control 
-4. Valve drive apparatus 
Valve Timing.-—Due to geometric considerations, it is necessary to allow 
equal opening periods for both intake and exhaust ports if maximum 
capacity is to be derived from the valve. A typical specification is 
selected from review of the rotary valve literature (63): The inlet port 
opens 12° early and closes 4-8° late; the exhaust port opens /+8° early and 
closes 12° late. These figures are quite conservative when compared to 
present automobile specifications (Appendix A, Table 7c)„ For example, 
the current Cadillac engines hold the inlet port open for 324° rotation 
of the crank shaft whereas the proposed engine will only employ inlet 
opening during 24.0° rotation. 
Valve Port Dimensions.—In order to realize minimum gas friction through 
the ports, the inlet and exhaust ports in the cylinder walls should be 
machined to match the side opening of the combustion cell in the rotor. 
In order to obtain the timing specified, the centers of the exhaust and 
inlet ports must be oriented respectively 126 clockwise and counter-
clockwise from the position of the rotor port when the engine piston is 
at the top dead center. The chordal width of the ports is computed to 
be 1.04.3 inches. 
If the ports are rectangular in shape and a length of 1 l/2 
inches is used, the area of the valve opening is 1.57 square inches, 
This valve area is related to the piston area by a 0„213 ratio. The 
intake (larger) valve head to piston area in the Cadillac being consid-
ered is similarly related by a 0.191 ratio. Since the throat of the 
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of the poppet valve port must necessarily be smaller than the corresponding 
Valve head and since the valve stem restricts part of the effective 
passageway, the valve area of the Cadillac cannot be as effective as the 
proposed rotary valve port area„ Some sources indicate that sliding valve 
port areas may possess as much as twice the efficiency of equivalent 
Doppet-valve areas (69). At any rate, the port being designed should be 
satisfactory for test purposes and practical considerations of port seal-
ing and combustion cell dimensions discourage the attempt for more area 
at this stage of design. (Less area might well be considered.) 
Valve Sealing.—Two primary problems are recognized in connection with 
sealing. Gas pressures within the cylinder must be controlled to prevent 
excessive leakage around the inlet and exhaust ports (leakage into the oil 
chamber presents no problem since the oil is always at a higher pressure 
than the gas), and the leakage of lubricating oil into the combustion 
space must be regulated. It is proposed that a spring loaded brush type 
pressure device be used for sealing purposes around the ports. The port 
would be machined into the end face of a cylindrically shaped section of 
low friction bearing stock, and this face in turn cupped to fit snugly 
against the rotor. Copper alloys containing lead and. tin appear to 
operate satisfactorily against most ferrous rotor materials (70), espe-
cially under poor lubrication conditions. Also, their high thermal 
conductivities are valuable in facilitating heat dissipation. Phosphor-
bronze, SAE 64, is recommended for the first sealer to be experimented 
with. The proposed seals are illustrated in Figure 10. 
29 
(inside Cylinder) (Cross Section) 
Face View Side View 
Figure 10. Brush Type Spring Loaded Port Sealer. 
The outer diameters of the brush sealer bodies should be ma-
chined to two inches and carefully fitted to their respective passages 
through the cylinder block wall. It is suggested that the sealer bodies 
be machined to approximately 0.002 inches oversize, then finely threaded 
on a lathe to a depth of 0.005 inclies. A standard 64. threads per inch 
should work satisfactorily. This feature allows for a forced fit in 
the cylinder and self adjustment to thermal expansion. Two 2-inch diam-
eter, 3/32 x 3/32 inch expansion rings are fitted into each of the two 
cylinder block holes and then stationed in machined grooves of the sealer 
body (Hastings gray iron piston rings, number 275, appear to be satisfac-
tory for this task). These rings, along with close machine fits of the 
sealers in the cylinder, are provided for gas leakage control around, the 
pressure elements. A study of the calculations in Appendix B reveals 
that exhaust pressure acting against the partly exposed, face of the sealer 
body might compress the pressure spring during operation, causing the 
sealer body to chatter against the rotor. 
Pressure springs may be designed accordingly through application 
of the formula (71): 
Spring Constant (lb./in.) = (Diarn. wire, in.)4" x^(Shear modulus, psi.) 
64-(Radius of coils, in.)-^ x (No. effective coils) 
It is determined that a helical coil of No. 3 (Washburn and Moen gage) (72) 
spring steel may be employed to provide sealer pressures. Inconel X, 
A.S. 14-0, is desirable spring material since it can satisfactorily with-
stand high operating temperatures (73). The helices should be wound to 
fit snugly but not bind on the 2-inch diameter sealer bodies. Ends 
should be squared and ground (74.). A standard spring of 4..75 total turns 
and 1.5 inch overall length may be compressed 0.137 inches to provide a 
recommended 25 pounds pressure on the exhaust sealer and a 0.055 inches 
for a recommended 10 pounds pressure on the intake. The relatively high 
spring constant of 133 pounds per inch is considered desirable because of 
the high speed vibrational characteristics (75) and because of the ease 
of obtaining adjustment through shims. The sealer housing may be cast 
from aluminum and machined as necessary. The housing should be finned 
to help cool the springs. 
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Thrust chamber oil control will employ the principles of pressure 
drop across labyrinth type seals v/hich circle the rotor and cylinder as 
indicated in Figure 11 (76). A limited quantity of oil must necessarily 
leak through the bearing clearance around the upper shoulder of the rotor, 
N([ 
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Gas Seais 
, , , , / High Pressure 






Oil and Gas 
Leakage Return 
(Ok,) 
Figure 11. Compression Chamber Oil Control System. 
This oil is finally trapped in chamber Gr, Figure 11, and under the in-
fluence of a reduced pressure from slight cylinder gas leakage, induced 
to return through a passage in the cylinder block to the oil reservoir 
(and cooler). 
Lubrication.—Since the upper surface of the rotor and adjacent cylinder 
faces operate vdth hydrodynamic lubrication and since all parts of the 
drive mechanism operate in oil discharged from the tirust chamber, the 
only major problem apparent is the lubrication of the port sealers and 
lower rotor surfaces. This problem is very critical, since excess 
lubrication may foul the spark plug and cause undue formation of sludge 
and carbon deposits in the combustion chamber with accompanying losses in 
economy. Conversely, insufficient lubrication may cause serious damage 
to the engine. It is hypothesized that the proposed oil control system 
is adequate to avoid excess lubrication. The principal hazard is there-
fore reasoned to be insufficient lubrication of the lower rotor surfaces. 
This characteristic can only be debated until actual testing of the en-
gine, but it is believed at this point that sufficient lubrication will 
leak from the oil return chamber (Region G of Figure 11) down around the 
pressure sealers where it will be distributed sufficiently to lubricate 
all necessary surfaces. No attempt will be made to recover this oil in 
the initial test engine; however, it may later become necessary to add 
a scraper system if the need becomes obvious. 
Oil Control for Compression Regulation„~°-The function of the hydraulic 
control system has been explained, earlier,, In order to assure support 
of the rotor against gravity and intake vacuum and to aid in expelling 
oil from the thrust chamber when the need, arises, adequate oil pressure 
(0e, Figure 7) must be assured at all times through proper design of the 
reed valve (R, Figure 7) and the lower thrust shoulder of the rotary 
valve gear. If it is assumed that 5 psia minimum pressure may be obtained 
in the cylinder while the engine is operating at a barometric pressure 
of 1/M7 psia and (as will be shown later) the weight of the rotor assem-
bly is 3.04 pounds, the maximum force downward to be supported is com-
puted to be 73.4. pounds (neglecting the weight of oil in the lower thrust 
chamber). For reasons of strength and gear support, the rotor shaft 
diameter (f, Figure 7) was taken as 0.92 inches„ As a conservative 
allowance, the outer gear hub diameter (d, Figure 7) is selected as 
1.75 inches and the oil pressure, 0e, an average of 80 psig. This will 
provide a net lifting force of 157 pounds„ Since the exposed thrust 
surface on the top of the rotor is 6,70 square inches, an oil pressure 
(0e) of 23.5 psig must be present to hold the rotor in equilibrium. 
This pressure is considered adequate to retard oil vapor formation and 
also provide pressure for rapid response from the discharge controller 
valve (Figure 8). The oil is to be supplied by a conventional gear type 
pump equipped with a ball check relief valve Uniting pressure (0]_) to 
80 psig. The reed valve (R, Figure 7) is designed to provide a pressure 
differential of 50 psia.* This will allow the entire control system to 
operate from the same lubricant supply source, A total pressure throt-
tling of 6.5 psi will be allowed through the rotor duct and metering 
annulus. Obviously the pressure (O2) in the lower thrust chamber will 
far exceed the SO psig supply pressure during the firing stroke of the 
piston (O2 equals 54-8 psia when the cylinder pressure reaches 500 psia)« 
However, the reed valve provided operates as a high speed check which 
protects the supply system from excess back pressure. Rapid response in 
reducing compression is essential if the engine is to be able to assume 
sudden heavy loads at moderate speeds. The computed 6,5 psi pressure 
throttling is not considered adequate control margin in itself; however5 
* Appendix C presents the details of the reed check-valve design,, 
cylinder thrust pressures will greatly amplify this value and aid in 
providing accelerated response. The discharge duct should be as large 
as practical to reduce flow resistance.^ 
Materials Select ion.—In line with the experience of earlier sliding-
type valves (77, 73), the material for the rotor was selected to be 
Nitralloy 135, aircraft specification, oil quenched from 1725°F and 
tempered at 1200°F. The surfaces of the rotor should be nitrided for 
approximately 72 hours at 975°F after all machine work except balancing 
has been completed (79). It is desirable to protect the upper surface 
of the rotor shoulder from hardening by coating with "Sel-Nite" paint 
or a thin tin electroplate (80). This will leave a surface where 
balance corrections may be made by normal machining operations. These 
specifications will provide a tough rotor core capable of an 8/^000 psi 
tensile endurance limit combined with approximately 0,018 inch of wear 
resistant surface with a hardness number of 95 on the 15-N Rockwell 
scale. The nitriding process is especially desirable since operating 
temperatures of 1000°F are permissible without appreciable softening 
of the surface. A diameter growth of 0.002 inches is predicted from the 
specified surface treatment. A cylinder material of mild carbon steel 
should provide a satisfactory mating material with the rotor and will 
facilitate the machining operations (81)„ Standard 3 inch inside 
diameter by 5 inch outside diameter, annealed? SAE 1018 tubing was 
%The oil discharge duct through the rotor shaft should first be 
tried at 3/l6 inch diameter; however, operating tests may indicate a 
larger size is desirable. 
selected in this instance. Any commercial cast aluminum, such as Alcoa 
195 should provide adequate strength for the cylinder head and gear 
housing (82), 
Thermal Expansion and /forking Clearances,--The coefficients of thermal 
expansion of cylinder and rotor are essentially equal at 0.0000128 inch 
per degree centigrade (83). Predicted mean temperature of 500°F for the 
rotor skirt and 200°F for the cylinder cue based on experimental infor-
mation in the literature concerning analogous arrangements (3/+, 35, 36, 
87, 33). An arbitrary maximum of 700°F will be assumed to cover unpre-
dicated difficulties which may arine daring operation. The difference in 
expansion of the rotor and the cylinder is therefore computed to be 
0.00356 inches. A clearance of 0.005 inches is recommended for the 
rotor skirt to allow for expansion, oil clearance and machining toler-
ances. Since the rotor receives a large part of its cooling effect from 
oil circulating in the thrust chamber, consideration of the thermal 
gradient which must exist makes reasonable the assumption that the rotor 
top is no more than 100°F warmer than the cylinder walls. This indicates 
that only 0.0007 inches need be allowed for thermal expansion. In view 
of oil control considerations in the thrust chamber, the top 0.75 inches 
of rotor should be allowed 0.002 inch clearance from the cylinder bore. 
The entire cylinder contact surface of the rotor should be lapped to 
final dimensions using conventional techniques (89). The surface rough-
ness of approximately 2 microinches so obtained may be expected to reduce 
galling tendencies noticeably. 
Figure 12, Detail View of Rotor, Upper Cylinder, Cylinder Head 
and 
Control Mechanism 
Selection of Dimensions.—The dimensions and proportions of the valve are 
based on considerations of necessary adjustment of rotor position, speci-
fied port dimensions, reasonable allowances for oil and gas seals, optimum 
chamber dimensions for desired compression range and good breathing, com-
pression turbulence, heat dissipation and oil friction. The details of 
the proposed mechanism are shown in Figure 12. Dimensions of the system 
are drawn to full scale with working clearance exaggerated for clarity. 
A rotor was machined to the dimensions indicated in Figure 12 and 
the design will proceed from this point in the form of an investigation 
into the kinetics of balancing this rotor and adjusting the torsional 
vibration which may be excited in its drive mechanism. 
Static and Dynamic Rotor Balance.—All vibrational advantages claimed for 
this rotary valve engine are dependent upon an accurate balance of static 
and dynamic radial forces within the rotating mass. The relative impor-
tance of proper balance appears obvious when the 7.1 pound centripetal 
force necessary to constrain a mass of one ounce (l/l6 pound) to motion 
in a circular path of one inch radius at the speed of 2000 revolutions per 
minute is computed (90). At 4.000 revolutions per minute, the force will 
be increased by a factor of four. Since one ounce of the rotor material 
occupies only 0.223 cubic inches (91), it becomes necessary to account 
accurately for the eccentricity of mass distribution incurred in the 
machining of the combustion cell and port. Since the contour of the port 
was hand sculptured from the solid rotor stock, proportions emphasize 
smooth uninterrupted contours and gradual changes in cross sectional areas. 
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The nature of the calculations involved in combining an aerodynamic port 
shape with a cavity of ideal combustion dimensions is so complex that the 
problem can only be reduced by physical research* Any attempt to specify 
exact mathematical generatrices at this stage of development is considered 
to be imprudent. Since the external rotor dimensions have been established., 
the problem of accurate balance may be met on any conventional dynamic 
balancing machine. However, the drill holes characteristic of experimen-
tal balancing techniques are undesirable from the standpoint of heat 
blocks and oil turbulence,* In this light, the rotating mass will be in-
vestigated in order to effect an approximate balance which features the 
refilling of all weight compensation recesses with materials of appropri-
ately higher or lower density. It is convenient to initiate this investi-
gation by locating the center and quantity of mass removed eccentrically 
from the rotor in machining the port. This was accomplished experimentally 
as described In Appendix D. The total mass removed in forming the port 
amounted to 0.435 pounds., and it was located at a radius of 0.971 inches 
from the rotor axis and a longitudinal distance of 1.064- inches from its 
skirt. Armed with this Information*, an analytical balance was computed 
through a process of trial and error evaluation of various geometric 
arrangements of material substitution in the rotor. There are numerous 
methods of establishing such a balance; however, the solution presented 
*It is considered undesirable to mar the contours of the combustion 
chamber or to interfere with the accurately machined cylinder bearing 
surfaces of the rotor „ All balance compensations made to the rotor itself 
must therefore be effected through Its upper shoulder about the shaft as 
indicated in Appendix D-$ Figure 18. 
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in Appendix D is recommended on the basis of simplicity attained through 
utilization of already existent features of the rotor and drive assembly, 
This arrangement employing three aluminum plugs, two lead filled copper 
plugs and appropriate weight removal from the drive gear is especially 
advantageous from a standpoint of heat dissipation through the large bulk 
of steel in the rotor body. The bulk of the plugging material was alumi-
num and copper with respective thermal conductivities of approximately 
five and eight times that of the steel base metal (92). It was advanta-
geous to gain as much weight as possible near the point where material 
was removed in the port;, hence lead was a desirable plugging material 
because of its high density. In view of its low melting temperature of 
621„2°F and relatively poor thermal conductivity, the concentric arrange-
ment of lead within the protective copper plugs appears advisable. A phy-
sical bond was obtained by holding the copper container at elevated tem-
perature while molten lead was poured inside. Any common soldering flux 
may be helpful in this process,, 
It is difficult to approximate the error to be expected in compu-
tations of this type. The advantage of extreme mathematical accuracies 
is questionable in view of the experimental means employed in establishing 
the initial conditions of unbalance. At any rate, the results cannot be 
expected to be exact, and small errors should be compensated for on any 
sensitive, conventional type of dynamic balancing machine. The compensa-
tion holes should be relatively small at this point, and they may be 
drilled at any point on the upper shoulder of the rotor or in the drive 
gear web0 The density of oil to be used in the thrust chamber must be 
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considered when recesses are drilled in the rotor, 
Vibration Analysis and Design of the Rotor Drive.—-The ever-present 
forcing functions provided by intermittent power impulses and inertia 
effects from reciprocating components necessitate concentrated attention 
to engine vibrations. The complete elimination of all vibrations is a 
practical impossibility; therefore, we must adjust the design so as to 
minimize harmful effects. The Velocette engine was originally balanced 
during manufacture, and the only consideration which will be given to 
components of the "lower end" in this analysis is to the preservation of 
their original weight specifications. The new piston assembly weighs 
0.955 pounds and should carry a ballast weight of 0.035 pounds to restore 
factory balance. Since a new bronze bushing must be machined for the upper 
end of the rod to accomodate the smaller 0.750 inch diameter piston pin, 
adequate compensation may be obtained by adding a small shoulder to the 
bushing. 
The rotor and drive gear pictured in Figure 13 were suspended in 
a bifilar pendulum apparatus and caused to oscillate about their normal 
axis of rotation. The system oscillated at a natural frequency and through 
careful measurement of the corresponding period, the inertia of the com-
posite mass was determined (93)-* The inertia of the rotor and gear was 
corrected for pendulum holder mass and amounted to 0.0358,4 inertia units. 
By a similar type experiment involving the internal support of gears on a 
*See Appendix E for description of experimental procedures employed 





Rotor and Drive Gear 
knife edge and appropriate analysis of their pendulum action, the inertias 
of the remaining gears were measured (94).* 
Torsional vibrations are detrimental to the rotor drive linkage 
and are likely to create oscillating stresses far in excess of the fric-
tional drag to be overcome in the rotor (95). Considering the availabil-
ity of standard products and existing space limitations, the highest 
capacity gears convenient were selected for the drive mechanism.** Fur-
ther refinement in gear specifications will be postponed until actual 
operation of the mechanism can be evaluated. Since the rotor must be 
powered by spur gears in order to allow for adjustment of compression, it 
it most convenient to drive the valve mechanism by a vertical shaft coupled 
to the crankshaft on the lower end by bevel gears. The torsional flexibil-
ity of this rotor drive shaft must be adjusted in order to keep the natu-
ral frequency of vibration between the rotor mechanism and engine crank 
sufficiently high to avoid excitation by any of the lower orders of power 
impulses from the engine (96). The inertias of both spur gears (Gl and 
G29 Figure 7) and the rotor may be lumped into one equivalent rotating 
mass by taking the 2:1 gear ratio into consideration. Since the crank-
shaft speed is a convenient reference, the inertia of the rotor and its 
drive gear was corrected with respect to the crankshaft« The summation 
of the inertia of the smaller spur gear and the equivalent inertia of 
*See Appendix E for description of experimental procedures em-
ployed in the determination of inertias, 
**See Appendix E for specific description of drive components 
and vibrational analysis,, 
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the rotor and its gear may be taken as the equivalent moment of inertia 
of a single mass attached directly to the upper end of the rotor drive 
shaft. The inertia of this equivalent mass is computed to be 0.012113 
pound-inch-seconds squared. Note that the flexibility in the short 
length (l/2 inch) of shaft connecting the rotor and its drive gear is 
neglected in view of the more critical 14 inch rotor drive shaft which 
will be investigated. 
The crank end of the engine was broken down into approximately 
seventeen fragments which were analyzed individually for rotational inertia. 
The inertia summation of these individual elements provides an approximate 
equivalent moment of inertia for the entire lumped mass of 0.52595 pound-
inch-seconds squared. The vibrational characteristics of the rotor and 
drive mechanism may now be simulated by an equivalent system composed of 
two bodies mounted on a weightless shaft so that the bodies may be vibrated 
torsionally with respect to one another. Figure 14 illustrates the equiv-
alent system under study. 
I]_ - 0.52601 lb.in.sec.^ (Equivalent crank and reciprocating masses) 
12 - 0.01212 lb.in* sec. ~" (Equivalent rotor and drive assembly) 
Figure 14. Equivalent Torsional Vibration System. 
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Freberg and Kemler (97) state that the natural torsional frequency of such 
a system may be expressed by the following formula: 
Natural Frequency (f) - "077 y 0? T 7 T (cycles per second) 
where the shear modulus of elasticity (G) is taken as equal to 11,500,000 
lbs/in. (98). ' Substituting the appropriate values into the formula, we 
compute the natural frequency of the system for an assumed shaft diameter 
(d) of 5/8 inches to be 162.06 cycles per second. Similarly an assumed 
shaft diameter (d) of 3/4 inches yields a natural frequency of 233.37 
cycles per second. Applying these frequencies to the formula (99): 
Critical Engine Speed = j| fn) rP m 
where (n) refers to the number of power strokes in one revolution of the 
crankshaft (l/2 in this instance) and N0 refers to the order of excita-
tion. We determine the following tabulation of critical engine speeds for 
the first six orders of excitation: 
Table 2. Critical Engine Speeds, 
Excitation Critical Engine Speed Critical Engine Speed 
Order No. 5/8 in. shaft diameter 3/4 in. shaft diameter 
1 19,450 rpm 28,040 rpm 
2 9,724 rpm 14,020 rpm 
3 6,483 rpm 9,348 rpm 
4 4,862 rpm 7,011 rpm 
5 3,890 rpm 5,609 rpm 
6 3,241 rpm 4,674 rpm 
In view of the experimental nature of this design, it is desirable to 
design for at least equivalent speeds to contemporary engines with which 
competition is desired (See Table 7a). The use of a 3/4 inch rotor drive 
45 
shaft makes it possible to operate within this range "without danger of 
excitation by any of the first six orders. Speeds up to at least 9000 
rpm will be safe from a torsional vibration standpoint if care is taken 
not to operate continuously at or near any of the critical engine speeds 
listed in Table 1 for the 4th, 5th or 6th orders. 
Miscellaneous.—In concluding the design it will be necessary to house all 
the specified gear components in an oil tight gear box and cylinder head 
combination as indicated in Figure 7. This item is not considered criti-
cal from the engineering standpoint and an aluminum casting of generous 
proportions has been provided for the engine under design. Eight 5/16-
inch, 20-thread high-grade steel bolts (100) are specified at 1-7/8 inch 
radius and 45° intervals about the cylinder head to provide an allowable 
maximum cylinder pressure of 1200 psi with a safety factor of 2. 
The spark plug should be placed in a slightly recessed position 
approximately l/2 inch from the bottom of the port when the valve is at 
the median position of its adjustment travel, and the position on the 
cylinder circumference should correspond to a port center position when 
the engine crank is oriented at 10° before top dead center on the com-
pression stroke (101). A 10-millimeter number M-S plug manufactured by 
the AC Spark Plug Company has been provided in this instance due to its 
compact dimensions. 
As mentioned previously in the discussion of rotor balance, con-
sideration of combustion cell compactness was necessary in order to 
provide the desired compression ratio range. Î om the preliminary 
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investigation of allowable pressures, a maximum compression ratio of 
15J1 was considered feasible. The engine dimensions as listed allow for 
a 1/4 inch piston travel, and this would provide a minimum compression 
ratio of 8.26:1. This range is believed to be adequate for all load de-
mands and in line with present quality of "regular" gasolines. However, 
as a precaution, the compression range is intentionally lowered for pre-
liminary test runs through use of the specified low dome Ford piston. 
The range to be obtained will be 6.73:1 to 11:1 using a l/l6 inch minimum 
piston clearance from the rotor skirt. Prolonged operation at high com-
pressions should be guarded against due to the inherent design limitations 
of this pistonj however, a number of firms exist which may be called upon 
for special requirements of this nature (102). After preliminary tests 
have been successfully negotiated, the ultimate 15:1 compression ratio 
may be obtained through use of a special piston providing a matching con-
tour to the under surface of the rotor of l/l6 inch over-all.* 
Carburetion is available from numerous standard sources,* however, 
the products of Amal Carburetor, Ltd. of Birmingham, England are excep-
tionally desirable for single cylinder engines where large flow pulsations 
occur. A 1-3/3 inch throat diameter is specified. 
Although it is not within the scope of this study to attack the 
problem of a "sensing" device which should activate the controller mech-
anism in such a way as to coordinate the optimum compression ratios with 
^Dimensions specified here are based on experimental measurements 
taken on the existing volume of the combustion cell and. clearance volume 
between the Ford piston and rotor. 
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performance demands, sufficient information should be available from 
practical considerations and a study of the theoretical information pre-
sented in Appendix B to predict the output characteristics desired of such 
a device. It may be observed that the maximum available compression ratio 
(15si) is theoretically desirable for all except relatively high manifold 
pressures "while using fuels similar to the Cadillac test gasoline5 however, 
smoothness of low speed operation is improved through utilization of mini-
mum available compression. It is apparent that manifold pressure (or 
throttle setting) and engine speed may be integrated in the sensing device 
to provide the necessary information for desired control. 
The final design is by no means considered complete at present" 
however, those problems which have been regarded as unique to this 
mechanism have been treated sufficiently to make feasible the fabrication 
of a laboratory test engine based on existing information and experience. 
Recommendations for Tests and Development 
Preliminaries.—Before any attempt is made to operate the assembled valve 
unitj certain precautions should be observed to protect the mechanism 
from unforseen difficulties and possible damage. The entire engine 
should be carefully inspected for specified clearances, giving special 
attention to smooth operation of the rotor and possible errors in the 
vertical adjustment of the cylinder which might cause interference be-
tween the rotor skirt and piston. The engine may be mounted in any con-
ventional type laboratory test arrangement, "The Testing of High Speed 
Internal Combustion Engines" by Arthur W. Judge (103) is an excellent 
reference on the subject. It is preferable, as will be shown, that a 
direct current, series wound electrical dynamometer be used, so that 
"motoring" of the engine can also be accomplished. In addition to the 
subjects treated there for conventional type units, it is recommended 
that the engine be subjected to a lengthy "motoring" period during which 
frictional measurements are taken on the valve gear and plotted versus 
time. When the shape of this friction-time curve approaches zero, the 
tests may be commenced. It is suggested that a special piston be pre-
pared for this phase since it is undesirable to remove the connecting 
rod £rom this type lower end unit. This piston head should be well vented 
by several large holes to relieve compression and rings should be removed 
to reduce friction. Since it is inconvenient to have separate systems, 
the valve gear and all other working parts may be supplied oil from the 
same source. It is important, however, that provision be made for ad-
justment of the supply pressure to the rotor control system. Adequate 
means must be provided for removing heat from the oil since a significant 
part of the cooling load will be handled by the lubricant circulated 
through the valve control gear. Any high grade motor oil of SAE I;0 to 
70 weight may be used for evaluation (10U) although those recommended 
for aircraft or racing are suggested. Silicone oils appear promising 
due to their ability to operate at the high temperatures which may be 
expected near the rotor skirt. The Daw Corning Corporation has been 
very accomodating in correspondence relating to the subject and they 
have made available a supply of special light weight silicone lubricant 
which was developed through turbo-jet engine research. The designation 
of the fluid is Dow Corning F-liÔ O and the viscosity is equivalent to 
SAE 10 weight. (105) Although no authoritative information is available 
at this time, certain additive blends of molybdenum sulphate appear 
worthy of evaluation as galling deterrents. The use of conventional 
oils of this viscosity should not be attempted. 
A transparent settling and inspection tank should be provided in 
the rotor oil return line and a filter unit in the engine supply line. 
The compression control valve should be provided with a stop ad-
justment which will alloys/ for the circulation of oil through the thrust 
chamber while operating at maximum compression ratios. It is further 
recommended that the cooling water be supplied around the circumference 
of the cylinder at the point of top dead center piston travel so that 
the flow may be divided into an upward component for the rotor and a 
downward component for the cylinder barrel. Coolant at both discharge 
points should be throttled to maintain exit temperatures between 180° 
and 200° Fahrenheit. It is preferable that high circulating rates be 
stressed rather than excessively cool entering temperature, since 
harmful components of the combustion products may be induced to condense 
on internal surfaces if coolant temperatures average less than approxi-
mately 160° F. (106) 
Instrumentation.—Conventional instrumentation should be provided for 
evaluation purposes. In. addition, a rotor oil supply pressure gage and 
discharge flow rate measurement device are desirable. A suitable refer-
ence system should be established so that the exact elevation of the 
rotor will be known at all times as well as that of the controller. 
Thermocouples (107) should be used generously around the rotor, especially 
in the vicinity of the skirt, the spark plug, the exhaust sealer and the 
exhaust sealer spring. 
Initial Starting.—Methanol alcohol will allow the engine to operate at 
lower temperatures than any of the common commercial fuels (108), hence 
it is desirable for the initial "break-in" period while operation charac-
teristics are undefined* Carburation must be adjusted accordingly. The 
spark plug should be disconnected while the engine is motored at high 
speed. (Approximately 2000 rpm is suggested.) When proper adjustments 
are complete so that the compression control mechanism responds properly 
without oscillation at all throttle settings and hydrodynamic lubrication 
is attained around the rotor, and no unusual temperatures develop from 
friction, the unit is ready for starting under its own power. 
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With spark set at top dead center, the compression adjusted for 
minimum pressures, and all facilities in operation, the throttle should 
be closed while the engine is again motored to some moderate speed of 
low vibration (approximately 1000 rpm). Slow opening of the throttle 
should cause firing to commence in the engine. Temperatures should be 
observed closely for abrupt rises and when conditions appear satis-
factory, the engine may take over the task of motoring itself. The 
engine should be allowed a generous power "break-in" period before 
evaluation is attempted. Commercial upper cylinder lubricants may be 
added to the gasoline for extra protection. 
Development.—The testing of the proposed design arrived at in Chapter 
III is likely to result in a number of developmental problems, especially 
of a mechanical nature. A few of the anticipated difficulties are: 
(a) The provision of a better supply of oil to the rotor 
possibly featuring intermittent feed with surface scraper 
for collection of surplus lubricant. 
(b) The reduction of rotor friction through decreased external 
dimensions and increased clearances. 
(c) The adjustment of brush type port seals for minimum pressures 
required for good contact without chatter. 
(d) The evaluation of various materials and pressure devices for 
brush seals• (Powdered metallurgy offers potentialities in 
materials such as the graphite impregnated Chrysler "oilite" 
bearing and the porous "Bost-Bronze" of Boston Gear Works. 
(109) 
(e) The control of gas or oil leakage around the rotor possibly 
through fitting expansion rings in the labyrinth type grooves 
originally specified for the rotor. (Hastings, manufacturer 
number 121 gray iron piston compression rings are suggested.) 
(f) The improvement of response in the control system to meet the 
sudden demands for lower compressions. (Ability to attain 
high compressions rapidly is of nebulous value.) 
(g) The establishment of favorable factors in combustion cell and 
port design pursuant to modification of existing chamber. 
(h) The optimization of port timing and dimensions for various 
operating requirements. 
(i) The partial control of pumping losses at low manifold pressures 
through evaluation of various means of varying port -widths 
during actual operation of the engine, 
(j) The reduction of excess cylinder wear by means of hardening 
the specified mild steel barrel, or adoption of a conventional 
cast iron cylinder. 
(k) The development of multiple cylinder engine applications for 
the rotary valve. 
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APPENDIX B . 
Table 3 . Predic ted L Engine Cycles for Varyi ng I n t a k e Pre^ jsures 
V 6i ;, Mix ture : 85$ t h e o r e t i c a l a i r 
When: ?1 =. ii.O p s i a 
Ass-umed: f _. 0 .150, Temp-, - 880 °F; then Ec - 132U.O B.T.U. 
Po in t V o l . ( f t 3 ) Temp(°F ) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) s 
1 . 85 880 U.o _ _ _ _. 75 — — — — 
2 . 13.6 1530 _ _ _ _ _ _ _ 132U - _ _ _ 
3 . 13.6 U870 150 _ _ _ _ 155^ 0*693$ 
U. 85 3230 15.5 _ _ _ _ _ 990 0.6935 
ill 90 3200 l l i .7 930 980 0.693$ 
5. 85 3200 111 .7 879 926 0.6935 
6 . 13.6 3200 1U.7 liiO 1U7 0.6936 
61 39.7 21L20 U.O 97.5 113 0.6935 
C o r r e c t i o n s : T-j_ - 900 °F, V1 m 86.8 c u . f t . , f = 0 .151 
When: P^ - 7 .0 p s i a 
Assumed: f = O.O78, Temp-|_ ; s 675 °F; t h e n Ec • __ l i i l l . I i B.T.U. 
1 37 .0 675 7.0 _ _. _ _ 32 _ _. _ _ 
2 5.92 1215 _ _ _ - _ - _ 152 _ _ _ _ 
3 5.92 Ii920 360 _ _ _ _ l563. i i O.630 
h 37.0 32ii0 37.0 _ _ _ _ _ 993 0.630 
ii» 77.0 2990 111.7 7li5 830 0.630 
5 37.0 2690 1U.7 368 399 0.630 
6 5.92 2690 l i i .7 57.3 6U.0 0.630 
6 ' 10.8 2280 7.0 I16.5 55 .a 0.630 
C o r r e c t i o n s : T 1 = 677 °F, V± = 3 7 . 1 f t
3 , f = O.077 
V/hen: P. = 9 . 0 p s i a 
Assumed: f = 0.0$9$5 Temp-]_ __ 6i|2 °Fj then EQ = 1U33.5 B.T, ,u. 
1 27 .3 6U2 9.0 _ _ _ _ 26 _ ~_ _ _ 
2 Iu37 1170 _ _ _ _ _ _ _ l i l l _ _ _ _ _ 
3 U.37 k9k$ U95 _ _ _ _ 157U.5 0.609 
h 27.3 3260 33.0 _ _ _ _ 997 O.609 
U1 73 2520 l i i .7 685 783 O.609 
5 27.3 2520 XU.7 256 292.5 0.609 
6 U.37 2520 1U.7 Ul.o U6.8 0.609 
6« 108 2260 9.0 3$.9 U2.7 O.609 
C o r r e c t i o n s : T 1 = 6L|2 °F, ' Vx a 27 .3 f t
3 , f - 0.0598 
(cont inued) 
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Table 3o Predicted Engine Cycles for Varying Intake Pressures 
(continued) 
R : 64, Mixture: 85$ theoretical air 
c 
When: P-, = 10 .0 p s i a 
Assumed: f a 0.05U, Temp1 = 63O °F; EQ = lliUl B.T.U. 
Po in t V o l . ( f t 3 ) Temp(°F) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) 
1 2li.O 630 10.0 _ — _ - 23 _ _ _ 
2 3.8U HU5 - - - _ - _ _ 136 — — _ 
3 3.8U U960 ^S _ — _ - 1577 0.599 
h 2U.0 3265 57 _ , _ . _ _ 1000 0.599 
U« 71 21*60 1U.7 670 770 0.599 
5 2U.0 21+60 Hi.7 227 260 0.599 
6 3.8U 2U60 1U.7 36.2 b i . o 0.599 
6 ' 5 .25 2250 10.0 32 .0 38.ll 0.599 
C o r r e c t i o n s : ^ s 63O °F, V-L = 2U.0 f t
3 , f - 0.05U2 
When: P]_ - 11 .0 p s i a 
Assumed: f = 0.< %99 Temp-ĵ  a 618 °F; E c - 1UU6.7 B.T.U. 
1 21.U5 618 11.0 _ _ _ _ 20 _ _ _ 
2 3.h3 1130 _ _ _ _ 132 - _ _ 
3 3.h3 U970 620 - _ _ _. 1578.7 0.591 
k 21.U5 3270 66 - _ _ _ 1002 0.591 
U» 68.5 2U00 1U.7 6U3 750 0.591 
5 21.U5 2i;00 Hi . 7 201.5 235 0.591 
6 3-U3 2l|00 1U.7 32.2 37.5 0.591 
6 ' 88 2250 11.0 29.5 35.U 0.591 
C o r r e c t i o n s : T-. - 620 °F, v x = 21.50 f t
3 . , f = 0.050 
When: P-j_ = 12 .0 p s i a 
Assumed: f 3 O.Oh.6, Temp-, = 612 °F, E c - 1U52.3 B.T.U. 
1 19.1*8 612 12.0 — — — _ 19 M „„, m 
2 3.115 1115 - - - _ _ _ _ 128 — — — . 
3 3.115 U980 670 - - - - 1580 0.5835 
h 19.18 3275 71 - - _ - 1003 0.5835 
h' 67 .5 2375 1U.7 629 738 0.5835 
5 19.U8 2375 m.7 181.5 213 0.5835 
6 3 .115 2375 1U.7 29 3U 0.5835 
6« 80 221*5 12.0 27.2 32 .6 0.5835 
C o r r e c t i o n s : ? 1 s 610 °F, V1 = 19.U3 f t
3 , f a 0.0U6 
(cont inued) 
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Table 3. Predicted Engine Cycles for Varying Intake Pressures 
(continued) 
R : 64:,, Mixture: 85$ theoretical air 
When: P-j_ = llw7 psia 
Assumed: f = 0.( D39, Temp-L m 600 °F; E c = 1U59 B.T.U. 
Poin t V o l . ( f t 3 ) Temp(°F) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) k 
1 15-5 600 1U.7 _ _ _. _ 16 _ _ _ 
2 2.1+8 1090 _ _ _ - . - _ - 122 - ~ -
3 2.U8 U990 850 _ _ _ _ 1581 0.567 
h 15.5 3260 86 _ _ _ - 998 0.567 
U» 63.5 2225 1U.7 589 707 0.567 
5 15.5 2225 1U.7 lUU 172.5 0.567 
6 2.U8 2225 1U.7 23 27.6 0.567 
6 ' 2.U8 2225 1U.7 23 27.6 0.567 
C o r r e c t i o n s : T-, m 600 °F, V-L s 15.58 f t
3 . , f = 0.0390 
Table h» Predicted Engine Cycles for Varying Intake Pressures 
R : 7} Mixture: 85$ theoretical air 
When: ?1 = 10.0 psia 
Assumed: f s O.i Dli83, Temp1 : = 635 °F, E c = lkhl B.T.U. 
Po in t V o l . ( f t 3 ) Temp(°F) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) S 
1 2U.25 635 10 _ _ _ _ 21 
2 3.hi 1195 — — _ — — _ — 1U7 
3 3.U7 5000 620 _ _ _ — l$9h 0.5955 
h 2U.25 3200 5h _ _ _ _ 980 0.5955 
U1 70 2U25 1I1.7 6^2 758 o.$9^ 
5 2U.25 2U25 l i i .7 3U6.S 262 0.$%S 
6 2U.25 2U2S 1U.7 33.3 37.5 O.S%$ 
6 ' U.75 2230 10 28.9 3U.8 0.5955 
Corrections: T = 620 °F, V-, a 23.70 ft
3, f = 0.01*95 
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Table 5. Predicted Engine Cycles for Varying Intake Pressures 
R : 9 3/h, Mixture: 85$ theoretical air 
When: P-. = k psia 
Assumed: f - 0.081, Terap1 = 662 °F; Ec - 1U09.3 B.T.U. 
Point Vol . ( f t 3 ) Temp(°F) Press(psia) H (B.T.U.) E (B.T.U.) 
1 63 .U 662 k.O 
2 6.$0 1370 
3 6.50 1+980 330 
h 63.U 2980 19.2 
hl 80 2800 1U.7 789 
5 63.k 2800 1U.7 625 
6 6.50 2800 1U.7 6U.1 
6 ' 18.7 2110 ii.O kh.3 
Corrections: T± - 665 °F, V-ĵ  = 63.7 f t ^ , £ = 0.0813 
When: P-, s 6.0 psia 
Assumed: f - 0.061, T e n ^ s 63I °F; E Q = H43I.8 B.T.U. 
1 38.9 631 6.0 
2 3.99 1320 
3 3.99 5020 530 
h 38.9 2990 31 
[;» 66.5 2520 1U.7 68h 
5 38.9 2520 1U.7 391 
6 3.99 2520 lli. 7 Ul 
6' 8.82 2070 6.0 31.8 
Corrections: ^ = 632 °F, Vx a 39.1 ft
3, f = 0.060 
When: ?1 - 9.0 ps ia 
Assumed: f = O.Olj.0, Temp-L =. $9$ °F; Ec = 11*56.1 B.T.U. 
1 25.25 $9$ 9.0 15 
2 2.59 1255 162 
3 2.59 5070 820 1618.1 0.577 
h 25.25 2995 h9 920 0.577 
h% 65.0 2310 1U.7 612 725 0.577 
5 25.25 2310 lli.7 23U 277 0.577 
6 2.59 2310 1U.7 2U.5 29.0 0.577 
6« 3.92 2080 9.0 21.2 26.it 0.577 
Corrections: T± - $93 °F9 Vx m 25.15 f t
3 , f = 0.0398 
(continued) 
23 - — _ 








Table 5. Predicted Engine Cycles for Varying Intake Pressures 
(continued) 
R : 9 3/h9 Mixture: 85$ theoretical air 
When: ?1 = 10.0 psia 
Assumed: f = 0.036, Terr^ = 587 °F; Ec = 11*62 B.T.U. 
Point Vol . ( f t 3 ) Terap(°F) Press(psia) H (B.T.U.) E (B.T.U.) S 
1 22.ii 587 10.0 111 
2 2.30 12l|0 158 
3 2.30 5083 920 1U62 0.569 
h 22.1| 3010 57 922 0.569 
ii» 65.5 2250 1U.7 592 710 0.569 
5 22. k 2250 lii .7 202 2ii3 0.569 
6 2.30 2250 1U.7 21.6 25.9 0.569 
6' 3.28 2066 10.0 19.3 2luU °*^9 
Corrections: T1 = 587 °F, V = 22 .U f t
3 , f - 0.036 
When: P-, = 11 psia 
Assumed: f = O.O33, Temp-L = 580 °F; EC - lh66 B.T.U. 
1 20.1 580 11.0 12.5 - - - -
2 2.06 1230 — — — - — - - 155.5 — _ _ 
3 2.06 5092 1020 _ _ _. — 1621.5 0.562 
h 20 .1 3015 62 - _ _ _ 92U 0.562 
Uf 63 .8 2205 1U.7 579 698 0.562 
5 20 .1 2205 111.7 183 220 0.562 
6 2.06 220c> 1U.7 19 .3 23.2 0.562 
6* 2.69 2076 11.0 17.7 22.0 0.562 
C o r r e c t i o n s : T-. = 580 °F, V1 s 2 0 . 1 f t
3 , f = 0.0332 
When: P = 12 ps ia 
Assumed: f = 0.031 ., Tempn a 575 °F; E c = l l | 69 .8 B.T.U. 
1 18.2 575 12.0 — — _ _ 11 — —. « 
2 1.87 1215 _ _ _ _ _ - _ 152 — — — 
3 1.87 5100 1125 - _ _ _ 1621.8 0.551; 
k 18.2 2010 67 - _ - _ 923 o.&h 
Uf 62 .5 2175 1U.7 562 68U 0.55U 
5 18.2 2175 l i i .7 I6I1 199 o.tth 
6 1.87 2175 lk.7 16 .9 20 .5 o.5$h 
6 ' 2.19 2075 12.0 15.8 65Q 0.551; 
Corrections: ^ s 575
 0F, V-,_ a 18.2 f t
3 , f = 0.030 
(continued) 
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Table 5« P red i c t ed Engine Cycles fo r Varying In take P re s su re s 
(cont inued) 
R c : 9 3A5 Mixture : $6% t h e o r e t i c a l a i r 
When: P - 11+.7 p s i a 
Assumed:1 f - 0 .025 , Terap1 = $6$ °F; EQ - llflG B.T.U. 
Poin t V o l . ( f t 3 ) Temp(°F) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) 
1 1U.6 565 1U.7 9 
2 1.50 1190 ll |6 
3 1.50 5115 1U00 1622 
k 1U.6 3000 86 920 
h* $9.5 2050 1U.7 521 6$h 
5 1U.6 2050 1U.7 283 161 
6 1.50 2050 1U.7 12.9 16.5 
6' 1.50 2050 ±h.l 13.1 16.5 
Corrections: T± = 565 °F, V = lU.6 ft
3, f = 0.025 
Table 6. Predicted Engine Cycles for Varying Intake Pressures 
Rc: 15, Mixture: Q$% Theoretical Air 
When: P, = h.O psia 
Assumed: f = 0.05h, Temp1 - 6l5 °F; Ec - llUll B.T.U, 
>int V o l . ( f t J ) Temp(°F) P r e s s ( p s i a ) H (B.T.U.) E (B.T.U.) S 
1 58.3 610 h ___>_._ 18 — _ _ . 
2 3.88 1U50 _ _ _ _ _ _ _ 210 _ . 
3 3 .88 5120 580 _ _ _ _ 1651 0.6150 
h 58.3 2750 19.8 - _ _ _ 8U7 0.6150 
ll ' 73 2560 111.7 70U 798 0.6150 
5 58.3 2560 111.7 567 6U3 0.6150 
6 3.98 2560 l l i . 7 37 .8 1+2.8 0.6150 
6 ' 11.3 1950 h 27 3U.1 0.6150 
Corrections: T± - 610 °F, Vx - 58.2 f t
3 , f = 0.051| 
When: P 1 - 7.0 ps ia 
isume >d: f s 0, .033 , Temp-]_ s • 580 °F; E c - 1U65 B.T.U. 
1 31 .8 580 7 — — — — 10 _ ~ _ . 
2 2.12 1395 — — - — _ — - 95 _ _ _ . 
3 2.12 5165 1070 - 1661 o.$69$ 
h 31.8 2760 37 _. _ _ _ 850 0.5695 
U» 65.0 2250 1U .7 592 710 0.$69$ 
5 31 .8 2250 111. 7 0.$69$ 
6 2.12 2250 111 .7 19.2 23 .1 0.$69$ 
6 ' 3.80 7 15.7 20 .1 0.$69$ 
Corrections: T a 585 °F, ^ - 31.85 f t
3 , f = 0.033 
When: P- = 10.0 psia 
Assumed: f B 0.02k, Temp1 B 560 °F; EQ = IU78 B.T.U. 
1 21.3 $60 10 8 
2 1.U2 1355 186 
3 1.U2 5205 1580 166U 0.5U0 
h 21.3 2775 $6.$ 850 0.5U0 
h1 $9.5 2080 1U.7 532 661 0.5U0 
5 21.3 2080 1U.7 190.3 236.5 o.5Uo 
6 1.U2 2080 1U.7 12.7 15.8 0.5U0 
1.91 1915 10 • h 80 616 0.5U0 
1 
Corrections: T± « 558 °F, V1 = 21.3 f t
3 , f = 0.021; 
(continued) 
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Table 6. Predicted Engine Cycles for Varying Intake Pressures 
(continued) 
R : 15, Mixture: 85% Theoretical Air 
When: P-. - 12.0 psia 
Assumed: f = 0.020, Teir^ = 550 °F; Ec - 11+82 B.T.U. 
Point Vol . ( f t 3 ) Temp(°F) Press(psia) H (B.T.U.) E (B.T.U.) S 
1 17.52 552 12 7 
2 1.17 13U0 182.5 
3 1.17 5230 1900 I661w5 0.52UO 
h 17.52 2755 67 8U8 0.52UO 
U1 57.5 1990 1U.7 502 637 0.52^0 
5 17.52 1990 l iu7 0.52U0 
6 1.17 1990 1U.7 10.2 12.9 0.52U0 
6» 1.36 1910 12 9m$ 12 .h 0.52l|0 
Corrections: T1 a 550 °F, Y1 a 17.U8 f t
3 , f a 0.020 
When: F, = 1U.7 ps ia 
Assumed: f - 0.018, Temp1 » $h$ °F; Ec B ll|85.3 B.T.U. 
1 lU. l $i& 1U.7 5 - - - -
2 0.9l|0 1315 176 
3 0.9U0 5235 2350 1661.3 0.506 
k 1U.1 2730 80 810. 0.506 
k1 53.5 1890 1U.7 U70 608 0.506 
5 l l u l 1890 1U.7 12U 160 0.506 
6 0.9l;0 1890 1U.7 8.3 10.7 O.506 
6* O.9I4O 1890 1U.7 8.26 10.7 0.506 
Corrections: T = $h$ °F, Vn = ll+.l f t
3 , f = 0.018 
'1 
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Table 7a. Automobile Engine Specifications 
Max. HP Max. Torque Compr. HP per 
Make, Model Displ. at rpm at rpm Ratio in.3 displ. 
American (1956 models),— 
Buick 
Series 50,60,70 322 255 @ UUOO 3hl @ 3200 
Series U0 322 220 @ 1|U00 319 @ 2l*00 
Cadillac 
Eldorado 365 305 @ k700 UO0 @ 3200 
Devilie 36$ 285 @ U600 U00 @ 2800 
Chevrolet 
V-8 (Standard) 265 205 @ U600 268 © 3000 
Chrysler 
Mew Yorker 3$k 280 @ U600 380 @ 2800 
DeSoto 
Firedome 330 230 @ 14|00 305 @ 2800 
Fireflite 330 255 @ UU00 350 @ 3200 
Ford 
V-8 (Standard) 272 173 @ hk00 260 @ 2^00 
Customline "Six" 223 137 @ i|200 202 @ 2200 
Thunderbird 
(with overdrivB) 312 225 @ U600 32k @ 2600 
Lincoln 
Capri & Prendre 368 285 @ U600 U02 @ 3000 
Mercury-
Monterey 312 210 @ I46OO 312 @ 2600 
Oldsmobile 
"88" 32U.3 230 @ hh00 3h0 ® 21*00 
"Super 88" & "98" 32k.3 2I4O @ I4I4.OO 350 @ 2800 
Packard 
5688 (dua l c a r b s . ) 37U 310 @ I46OO kQ$ @ 2800 10.00 0.830 
Plymouth 
V-8 (Standard) 277 187 @ UU00 265 @ 21+00 8.00 0.675 




























Table 7a, Automobile Engine Specifications (continued) 
Max. HP Max. Torque Compr. HP per 
Displ. at rpm at rpm Ratio in.3 displ, Make, Model 
European,— 
Alfa Romeo 
1900 11)4.9 99 @ 5500 10U @ 3000 0.86 
Ferrari 
375 Mexico 








600 Saloon 38.6 21.5 @ U600 28.9 @ 2800 7.00 0.56 
Jaguar 
Type D 210 250 @ 6000 2l;2 @ liOOO 9.00 1.19 
Lancia 
Aurelia 11+9.1 118 @ 5000 13U @ 3500 8.0 0.79 
Mercedes 
SL 300 182.8 2U0 @ 6100 217 @ U800 8.55 1.31 
Nash-Frazer 
Targa F l o r i o 120.3 105 @ 5000 123 @ 3750 8.50 0.87 
Pegaso 
Z 102 150.5 165 ® 6500 138 @ 3900 1.10 
Renault 
U-door saloon U5.6 21 @ UlOO 33.25 @ 2000 7.25 0.U6 
Si a t a 
208 CS 121.8 120 @ 6300 107 @ U200 0.99 
Simca 
Aronde 7U.5 U5 @ U500 61 @ 2600 6.80 0.60 
Triumph 
TR 2 121.5 90 @ I4800 117 @ 3000 8.50 o,7k 
Exper imenta l .— 
Cross Motorcycle 
Asp i n 
Aspin-Type German 
Zimmerman 
15 17 .5 @ 6000 
30 .1 | Approx. ^ HP 
I t . 9 2 kS @ 12000 22 
1.17 
— 9.00 Approx.1.^ 
6000(up) l2 .00 3 .0 
Table 7b. Sample Aircraft Engine Specifications (195U). 
Make, Model Max. HP Compr. HP per Oi l Fuel Fuel 
a t rpm Rat io c u . i n . Consumpt. 
lb . /HP h r . 
Consumpt. 
lb . /HP hr« 




F r a n k l i n 6\fh 178@3000 7.0 0.53 0.010 0 .51 80 
Con t inen ta l 
A-65 65@2300 6.3 0.38 0.009 0.50 73 
C-85-12 85©2575 6.3 0.U5 0.010 0.52 73 
C-1U5 1U5@2700 7.0 0.U8 0.017 0 .51 80 
0-U70 225@2600 7.0 0.U8 0.018 0.51 80 
Jacobs R-755 300@2200 6.0 0.U0 0.015 0.U5 80 
Incoming 0-235 115@2800 6.75 0.U6 0.015 0.U7 80 
French .— 
S.N.E.CJ/T.A. 
Regnier 170@2500 7.25 o.l+o 0.018 0.U8 100/130 
I t a l i a n . - — 
Alfa Romeo 115 225@2UOO 66 0.U0 0.015 0 .51 100/130 
Span i sh .— 
E.N.M.A. Flecha 9002500 7.0 0.1+2 0.020 0.50 80/87 
Supercharged (Boost Range: , L;3.9 t o 80.8 i n . Hg.) 
American.— 
Con t inen ta l 
R-975 55o@2Uoo 6.3 0.56 0.015 0.50 I l 5 / l l i 5 
Lycoming 0-580 375@3300 7.3 0.65 0.015 o.h5 91/96 
P r a t t & Whitney 
R-2800(CB) 2)400@2800 6.75 0.86 0.015 0.1-2 100/130 
R-U360(CB) 3500@2700 6.7 0.80 0.015 0.U3 108/135 
Wright 
(Turbo-Comp) 
18R-3350(D) 350002900 6.7 1.05 0.015 O.38 H5/1U5 
B r i t i s h . — 
B r i s t o l * 
Hercules (738) 20l+0@2800 7.0 0.87 0.008 0.1+2 100/130 
Centaurus ( l73) 2850@2800 7.2 0.93 0.008 0.1+2 100/130 
Rol ls Royce 
Griffon (57) 2U55@2750 6.0 1.12 0.008 0.1+2 100/130 
Russ ian .— 
ASH-90C 2200@2800 66 0.81 0.020 o.L+6 9^ 
Sleeve valve equipped. 
6k 
Table 7 c . Automobile Engine Valve S p e c i f i c a t i o n s . 
I n t ake Exhaust Valve diam, 
Opens Closes Opens Closes I n t . Exh. l i f t 
Make, Model B.T.C. A.B.C. B «T,C o A.T.C. ( i n . ) ( i n , ) ( i n . ) 
Buick 
S e r i e s 50,60,70 30° 82° 78° uu° 1.75 1.37 0,378 
S e r i e s U0 25 77 75 U2 1.75 1.37 0.378 
Cad i l l ac 
A l l models 39 105 81 63 1.75 1,56 0.U51 
DeSoto 
Firedome U* 76 5U 10 l.9k 1.75 0.381 
i n t . 
F i r e f l i t e 15 57 k9 15 1.9k 1.75 0.375 
exh . 
Ford 
A l l V-8 mods. 12 5U 58 8 1.78 1.51 0.385 
"Six" 2U k6 68 2 1.78 1.51 0.370 
Lincoln 
Capri & Premiere 18 72 $9 31 2.00 1.6U 0.10.7 
Mercury 
Monterey 12 5U 58 8 1.75 1.51 0.360 
Oldsmobile 
A l l models Hi 52* 51 13 1.75 1.56 O.I4I8 
Packard 
5688 1U 62 5U 18 2.00 1.69 0.398 




SL300 11 $3 37 11 — 
Zimmerman 
Experimental 20 70 70 20 — N.A.** 
(Rotary Valve) 
A.T.C, (after top center), 
« * • 
Not applicable to rotary valve engines. 
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Table 8. Performance Characteristics and Their Relationship 
to Compression Ratio (R ) and Intake Pressure (P-, ) 
L* -L 
K P 2 
(p s i a ) 
Pump Work Net Work MEP Therm. Vo l . 
c i n out ( p s i ) Eff . Ef f . 
( B . T . U . / l b . ) ( B . T . U . / l b . ) {%) (*) 
6 1 A h 127 282.0 21.U 21.30 15.6 
7 l a . 9 U08.5 71.0 28.95 39 .1 
9 2.3.6 I438.9 103.5 30.65 $3*9 
10 18.0 14i6.0 119.0 30-95 61 .5 
11 12 .1 U52.6 135.5 31.30 69.2 
12 8.2 U59.8 151.8 31.60 76.5 
111.7 0 . U77.0 197.7 32.60 97 .1 
7 10 17.li 14-73.6 123.1 32.7 60.2 
9 3/h U 106.0 U21.0 Uo.o 29.9 21.2 
6 5U.3 U85.5 75 .1 33.9 3$.h 
9 25.9 525.2 120.0 36 .1 55.8 
10 17.8 536.2 lUii.3 36 .7 62.6 
11 12.5 5U2.0 163.0 37 .0 70.6 
i 
12 8.3 5h9.$ 181.0 37.U 77.8 
1U.7 0 .0 565.0 231.0 38.3 97.2 
15 k 1GU.U 507.6 50 .3 35.25 22.9 
7 l i . U 583.6 107.0 39.9 U3.1 
10 17.2 618.8 168.0 hi.9 es.s 
12 9.6 631.I4 20? .3 U2.65 79.0 
m.7 0.0 6U9.3 266.0 U3.7 97.8 
Table 9 . Tes t Data 19U8 S ix -Cy l inde r Chevrolet Engine 
Maximum Rated Horsepower 92 
B a r o m e t e r . . . . . 28.05 i n Hg. = l l t .27 p s i a . 
Wet Bulb Temperature 59°F 
Dry Bulb Temperature 69°F 
Volume 1 l b . d ry a i r . , , 13*05 c u , f t . 
Compression R a t i o . . 6 .25^1 
Cyl inder Bore. • 3 .5 i n . 
P i s t o n S t r o k e . . . 3 . 7 5 i n . 
Heat ing Value of Fue l 19,500 B . T . U . / l b . 
Engine S p e e d . . . . . . . . . . 2600 r . p . m . 
Spark Advance• • • • • • •• .33°B• T.C. 
D i sp l acemen t . . . . . 232 c u . i n . 
F u e l - A i r Brake TMEP Volumetric Thermal 
Run No. Ra t i o Horsepower ( c a l c u l a t e d ) E f f i c i e n c y Ef f i c i ency 





—-Manifold p r e s s u r e was va r i ed 
Note t h a t vo lumet r ic e f f i c i e n c y i s approximated through the use 
of a 1-1/2 i n . d i ame te r t h i n p l a t e o r i f i c e on the i n t a k e duct (110) . 
1 0.062 7.9 
2 O.O6J4 19.5 
3 0.062 32 .h 
k 0.060 h6.$ 






BMEP » - B - H - P « ( 1 0 ? ) 
9.917 N L n D2 
ft = 0 . 98 (1 - 2^1) (29) (Estimated),- ft- 89.5$ 
n BMEP 
jjjgp = _ — 
(r 
Design of Reed Check-Valve: 
From Figure 15 it can be seen that the reed valve can be reduced 
to simulate a centilever with concentrated loading, 
Oil Inlet Passage 
(hole diameter,CL) 
Figure 15>. 
Reed Check and Back-Pressure Valve (R, Figure 7) 
Specifications for the valve may be computed from arbitrary 
differential back pressure of 50 psi from the deflection formula: 
where: £ is reed deflection 
F is total force acting on the reed from differential 
oil pressure (consider pressure to act only over area of 
oil supply hole ) 
1 is effective length of the cantilever 
E is Young's modulus of elasticity for reed material 
I is moment of inertia of reed cross section 
Chromium - Vanadium steel, SAE 6l52 quenched and drawn at ll50°F (112) 
is specified as material for the reed. It is determined that the reed 
should have the following dimensions as indicated in Figure 15. 
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length overall 1 5/8 inch. 
length ( l ) 1 inch. 
width ( w ) . . . . . . . . 0.5 inch. 
thickness ( t ) . . . . 0.010 inch (Brown and Sharp gage 30) (113) 
dimension (x) 0.25 inch. 
dimension ( y ) . . . . . . . . . . . . . . . 0 . 1 2 5 inch. 
hole diameter ( Ct) 0.125 inch. 
Angle Q should be machined llj.«l degrees in order to cause proper 
seat ing of the valve a t 50° ps i o i l pressure . The reed may be attached 
by two 3/32 inch diameter s t e e l bolts act ing on a rounded face clamp as 
ind ica ted . The valve i s recessed into the upper surface of the chamber 
near the cylinder wal l to allow clearance for operation of the r o t o r . 
Stress levels are low i n the reed (in the order of 15*000 ps i operating 
under 100 psig pressure 0^) . Due to the o i l environment, damping is 
considered adequate to eliminate consideration of c r i t i c a l vibrat ions 
from engine exc i t a t i on . 
As an added control precaution, a needle adjustment valve should 
be f i t t e d in the o i l supply l ine to aid i n the establishment of desirable 
supply r a t e for control of valve posi t ion and o i l discharge temperature. 
APPENDIX D 
DYNAMIC BALANCE OF ROTOR 
Center of Gravity of Removed Mass*-—In order to compute the correct 
compensations for a dynamic balance of the rotor, it is necessary to 
know the exact weight (W, ) and gravity center (CGr) of the metal re-
moved in the machining of the combustion cell. This information -was 
obtained experimentally by measuring the weight of the rotor and 
locating its longitudinal balance point before and after the machining 
of the port; then determining the torsional correction necessary to 
bring about a static balance. The procedures used for these measure-
ments are indicated in Figures 16 and 17. 
Figure 16. 
Experimental Determination of Radial Unbalance of Rotor. 
Compensation weight (Wc) is adjusted until the system is 
in equilibrium while resting on point C. Weight (W ) may 
be considered concentrated at point E, hence the torsion 
required to balance the rotor as indicated is the product 
of the moment arm (rc) and weight (Wc). This value was 
computed: 
W x r = 6.67 inch ounces. 
c c 
Rotor Rotor 
Before Machining Port After Machining Port 
Figure 17. 
Experimental Determination of Longitudinal Balance Points 
of a Rotor. 
True hor izonta l i s indicated by a hand level suspended i n the 
near proximity of the upper ro tor surface and appropriate 
adjustments are made to balance the rotor in a level a t t i t ude 
on the knife edge. The center of gravi ty must l i e v e r t i c a l l y 
over the balance po in t , 
The following values were measured: 
Rotor weight without port (W^ ) 6,957 lbs . 
Balance dimension XG1 1.993 i n . 
Rotor weight with port (W )̂ 6,i;28 lbs • 
Balance dimension XQ2 • • 2 ,0£5 i n , 
Weight of mater ial removed in por t (W ) O.Ij.29 l b s . 
Letting H represent the ax ia l distance from the ro tor s k i r t to the 
center of gravi ty of removed combustion c e l l mass (CGr) and R the r ad ia l 
distance of CG_ from the ro tor ax i s , we evaluate the information obtained 
r ' 
from the experiments outlined in Figures 16 and 17. 
Longitudinal Balances Figure 17. 
Prior to machining rotor port, MomentSCQ - 0 
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After machining r o t o r p o r t , ) MomentsCG = ^(y2^Gl^t 
Hence, y M o m e n t s ^ = 0.062 i n . x 6.1^28 l b . = 0.398 l b . i n . 
Let p = Axia l d i s t a n c e from CG-̂  t o CGr 
t h e n , 0.398 l b . i n . = p Wr = p x 0.1*29 l b . i n . 
and p = 0.929 i n c h e s . 
There fo re , H = X - p - 1.993 - 0.929 
01 
and H = 1.06U i n . 
L a t e r a l Balance , F igure 1 6 . 
P r i o r t o machining r o t o r p o r t , /Moments s 0 . 
Af ter machining r o t o r p o r t , )Moments = 6 .67 i n c h ounces . 
Since Wr - 0.1*29 l b s . = 6.87 ounces 
R = 0.971 i n c h e s . 
A n a l y t i c a l P r e d i c t i o n of Compensations Required fo r Dyanmic B a l a n c e . 
Numerous arrangements a re p o s s i b l e f o r p rov id ing a dynamic ba lance 
of the r o t o r j however, i n view of i n h e r e n t h e a t d i s s i p a t i o n advantages , 
non-d i s tu rbance of r o t o r geometry and s i m p l i c i t y , t he arrangement i n d i -
cated i n Figure 18 i s recommended. 
Since a l l r o t o r p lugs a re s e l e c t e d of the same l e n g t h (a=s2.625 i n . ) , 
the p lug cen t e r of g r a v i t y w i l l l i e i n a p lane 2.088 inches above and p a r a -
l l e l t o the r o t o r s k i r t . The c o n d i t i o n s fo r s t a t i c and dynamic balance 
are v e r i f i e d here * 
S t a t i c Equations > W r = 0 (114) 
Wr R-Wa (2 r )-Wb(2 r +• r ) + • W fr f = 0 . 
density of: (91) Steel - U.U8 ounces per cu. inch . 
Aluminum - 1.53 ounces per cu. inch. 
Cast i ron - ij.lO ounces per cu. inch . 
Copper - 5.15 ounces per cu. inch. 
Lead - 6.57 ounces per cu. inch. 
Then weights: W r Volume material x densi ty change 
Wb - Wc = - £ (Da
2)(Lengtha) (Density Stee l - Density Aluminum) 
Wb = JL (0.8025)
2(2.625)(U.U8 - 1.53) ounces 
Wb = Wc - 3.92 ounces 
Similar l y , 
W0 - 0.915 ounces a 
W,. s 1.57 ounces 
Subst i tut ing in to s t a t i c equation, 
6.87(0.971) - 0.9U5(2x0.780) - 3.92(2x0.500+0.930)-h 1.57(1.50) = 0 . 
(check) 
IX 
Dynamic Equation: y W r X = 0 . (115) 
W R IT - 2HT r a - 2?L i\ a - W r a +• ¥ r b - 0 r a a b b c c f f 
Subst i tu t ing , 
6.87(0.971)1.061). - 2(0.9li5)0.780(2.088) - 2(3.92)0,500(2.088) 
- 3.92(0.930)2.088 1.57(1.50)5.00 - 0 
(check) 
Such computations for balance may be very precise^ however, overall 
accuracy is limited by measurement techniques and the specified compensa-
tions should be verified or improved experimentally by a conventional 
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Figure 18. Dynamic Rotor Balancing 
Specifications: 
Plugs Ax and A- (Lead centered copper) 
length, 2-5/-: in„; diameter, 0/ in. copper, 3/" in. lead; 
r a : 0.730 in. 
Pings 3i, B2, and G (Aluminum) 
length, 2-5/8 in.; diameter, 0*tf1?5 in, 
rb r 0.500 nn.; rc = 0.930 in0 
Drilled & vity F in Drive Gear (Cast iron) 
length. CM-i i ianeter, 1,063 in 
APPENDIX E 
TORSIONAL VIBRATION ANALYSIS OF ROTOR DRIVE SYSTEM 
Rotor Drive Details.—The speed of the engine crank is -used as reference 
and the summation of moments of inertia for all components of the valve 
and upper drive mechanism are corrected to that speed in order to obtain 
an "equivalent" mass which is considered to vibrate torsionally through 
the rotor drive shaft with the summed inertias of the crank and recipro-


















Schematic Representation of Significant Rotor Drive Details 
Due to space limitations and strength demands, the following 
standard gears were selected by manufacturersf part number from the 
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Boston Gear Works catalog of 1955 for use as indicated in Figure 19(a): 
Spur dr ive , G, Boston NF2ljB, 10 p i t ch , 2.U00 i n . 
p i tch diameter, s t e e l . 
Spur dr ive , G Boston NFl+8, 10 p i t ch , U.800 i n . 
p i tch diameter, gray i r o n . 
Bevel d r ive , Gn and Gi Boston L129Y, 10 p i t ch , U5 degree 
miter , s t e e l . 
Spur drive gear, G?, is machined further to meet dimension r e -
quirements indicated in Figure 12. The -width of t h i s gear i s reduced by 
0.250 inches t o allow adjustment tolerance for the rotor while re ta ining 
f u l l tooth contact with gear, G-, . The finished appearance of gear, G? 
and the rotor i s presented i n Figure 13• 
Application of the Bi f i l a r Pendulum in Ine r t i a Measurement.—The ro tor 
and drive gear (Gp) assembly was suspended in a conventional b i f i l a r 
pendulum arrangement(93) and the natura l period of osc i l l a t ion measured 
at 1.002 seconds per cycle . This value was subst i tu ted in to the b i f i l a r 
formula: 
2 2 
I » r L (93) 
htri 1 
where: Weight of assembly and holder (W)- - - - 8.518 l b s . 
Radius of pendulum filament o sc i l l a t i on (U)~1.0025 i n . 
Period of o sc i l l a t i on C^T)- - 1.002 sec /cyc le . 
Length of filaments ( l ) 23.30 i n . 
The moment of i n e r t i a for the ro to r assembly and pendulum holder 
2 
i s then computed t o be O.O3678 l b . - i n . - s e c 
The i n e r t i a of the holder was s imi lar ly measured as 0.0009l|0 l b . 
i n . s e c . j hence the i n e r t i a of the ro to r and gear assembly alone, ( I , p ) , 
2 
i s calculated to be 0.0358U lb . i n . s e c . 
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Application of the Knife-Edge Pendulum in Inertia Measurement,—The spur 
drive, G1? and bevel gearss Go and G,s were suspended along their inner 
shaft hole surfaces on a knife edge so as to form pendulums (94-). The 
natural oscillation periods of the knife edge pendulums were observed and 
inertia was computed about the gear center-line axis by formula: 
f - W r ^ - r2 H (9/ 116} 
i _ ™ ^ r g v%, n o ; 
Moment of inertia of spur gear̂ , G]_<, is computed wheres 
Weight of gear (W)» - - - - - - - - - - - -1.740 lbs, 
Radius of shaft hole (r)- - - - - - - - - -0,3750 in. 
Period of natural oscillation (T)- - - - - 0„4790 sec.per, cycle 
Then? Igl z 0.003158 lboin.see.
2-, 
Similarly, the moment of inertia of bevel gears, G3 and G^ are 
computed wheres 
W - - - - - - 0,730 lbs, 
r - - - - - - 0.3125 in. 
- - - . » - - 0o4-02'7 see,per cycle 
Then, Ib3 r l ^ : 0,001437 lb, in, sec8
2 
Equivalent Moment of Inertia (le]_). Rotor and Drive„ Top End>—Since the 
rotor and gear? G2? travel at half engine speed,, the equivalent inertia 
must be corrected to reference speed. The following formula then applies? 
lei = Is-1 4- (1/2)
2 Ir5S2 (117) 
Specifically, Iel = 0.012118 lb. in. sec,
2 
Equivalent Moment of Inertia (lep)? Crank Endo—The crank end of the en-
gine is considered to include the crank journal̂ , Two flywheel cheeks, main 
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reciprocating p a r t s , shaft ends and bevel gears , Ĝ  and G. • The f ly -
wheels are divided in to small volumes and the i n e r t i a of each segment i s 
computed with respect to the ro ta t iona l axis of the crank sha f t . For-
mulas based on the simplest geometries are employed, (118). The i n e r t i a 
of respective components indicated in Figure 20 are computed to be: 
I B 0.02570 l b . i n . s e c .
2 
a 
I b s 0.01097 l b . i n . s ec .
2 
I c = 0.005075 l b . i n . s e c .
2 
I d = 0.001191 l b . i n . s ec .
2 
The crank journal, i s approximately 1.125 inches long and 1.500 
inches diameter. Since the engine stroke i s 3*78 inches, the i n e r t i a of 
the journal i s computed to be 
2 
I . a 0.005U23 l b . i n . s e c . 
J 
The equivalent inertia of the piston assembly and connecting rod 
is approximated by formula: 





where, weight of rod concentrated at the piston (W ) is 
assumed to be 1/3 of total rod weight ,p 
(wr) 
and remaining 2/3 weight of the rod (Wr ) i s assumed 
concentrated a t the crank jou rna l . ' 
Weight of pis ton assembly (W ) - _ _ _ 1.0l|.0 l b s . 
W r^p- £ 0.550 l b s . 
W r c ~ 1 ' 1 0 0 l b s « 
Radius of engine s troke (r_)~ 1.890 i 
The equivalent i n e r t i a of reciprocat ing par ts i s then computed 
to be 2 
I e r 3 0.017537 l b . i n . s e c .
2 
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The shaft ends are considered equivalent to two segments of 
length, 3 in . and diameter, 0.500 in . , and of length, 3«25 in . and 
diameter, 1.00 inches. By computation the total inertia of shaft ends 
<W is: 
I , a 0.000265 lb . in . sec.
2 
sh 
With attention to the geometric division of the crank checks in-
dicated in Figure 20 the equivalent inertia (I ? ) is estimated from a 
summation of component parts of the lower end: 
Je2 = 2 ib - hi - i - i D a c d 
2 
+ I. + I , + I 1 J sh er 
I 2 = 0.52595 lb . in . sec 
Natural Torsional Vibration Frequencies.-—Since the equivalent inertias, 
I - and I „, have been computed, i t is desirable to select a coupling 
drive shaft diameter (D ) which will be stiff enough to avoid a low 
natural frequency of torsional vibration which is likely to be excited 
by one of the lower orders engine firing pulsations• The natural 
frequency for a given shaft diameter, D , is computed by the formula: 
s 
Natural Frequency (f ) = 
V^hl-I- V (119) 
32Iel Ie2L 
where the shear modulus of the steel shaft is taken as G = 
11,500,000 psi . and the fixed length of the shaft L is 
111 inches. 
Natural frequencies are computed for D : 5/8 inch and D , 3/U inch 
s s 
assuming the weight of the shaft to have negligible influence on the 
frequencies. 
These calculated frequencies are: 
f = 9,72U cycles per minute'", (Dg 5/8 inch) 









Segmentation of Crank Cheek for Inertia Analysis 
# 
Computations ha.ve been carried to a large number of significant 
places in the interest of accuracy. Although the values stated here are 
rounded to four significant figures, results are probably no better than 
5 per cent accurate in view of necessary assumptions. 
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